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(57) ABSTRACT 

A microwave heating apparatus including a cavity for heat 
ing food, a ?rst antenna, Which projects into the cavity and 
is arranged to pass into or through the food in order to 
irradiate the food internally, and a second antenna arranged 
to supply microWave radiation into the cavity in order to 
irradiate the food externally. MicroWave energy is supplied 
to the ?rst and second antennae in such a Way that the user 
can independently control the levels of microWave energy 
irradiated by the ?rst and second antennae. 

13 Claims, 7 Drawing Sheets 
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MICROWAVE HEATING USING 
INDEPENDENTLY CONTROLLABLE 

INTERNAL AND EXTERNAL ANTENNAE 

This application claims priority to Great Britain Patent 
Application No. 00070334, ?led Mar. 23, 2000. 

The invention relates to microWave heating apparatuses, 
and methods of heating articles using such apparatuses. 

BACKGROUND OF THE INVENTION 

When an object is defrosted in a conventional microWave 
oven, the initial microWave heating effect causes thaWing of 
ice a small distance into the item to be defrosted, producing 
regions of free Water molecules. Because the absorption of 
microWave energy is much higher in Water than in ice, this 
causes localised heating. In extreme cases it is possible to 
fully cook the product Where the ice has initially melted, 
While leaving the remaining ice froZen. In the case of a food 
product Which must be stored froZen, and served hot to a 
customer, for example a burger, this can lead to the situation 
Where the customer is presented With a food product Which 
is apparently correctly cooked and heated, but Where certain 
areas of the product have not attained the legally required 
temperature before serving. FIG. 1 demonstrates such a 
situation. 

The conventional methods of attempting to overcome this 
problem come in tWo forms: introducing a time delay into 
the thaWing process, or shaping the product to maximise the 
surface area and thus the absorption of microWave energy. 

The main bene?t quoted for microWave heating is the 
increase in speed over conventional heating methods. If the 
time delay method is used to overcome the problem men 
tioned above, time is alloWed during the heating process for 
thermal conduction to transfer some of the heat from the 
thaWed regions to those Which are still froZen; i.e. thaWing 
by conduction as in any conventional method. The delay 
Which is introduced into the heating process is usually 
performed by operating the magnetrons supplying the 
microWaves at a reduced duty cycle, i.e. pulsing the mag 
netrons on and off. A typical ratio of “on” to “off” time is 
eight seconds “on” folloWed by tWelve seconds “off”, Which 
gives an effective reduction to only 40% of the available 
microWave poWer, and thus increases the time required to 
defrost the product by a factor of approximately 21/2 times. 
Particularly in commercial “fast food” applications, this 
time delay is unacceptable. 

In a domestic situation, much use is made of ring shaped 
cooking containers, the large diameter holloW centre alloW 
ing the microWaves to penetrate the product from tWo sides. 
This toroidal shape does indeed minimise the problems of 
ice formation, but at the cost of ease of putting the product 
into the cooking container. This also has the effect that the 
product is bulky to store Whilst froZen. 

One process Which has heretofore been considered largely 
unsuitable for microWave heating is that of “tempering” 
foodstuffs, i.e. raising the temperature of the product from 
“deep froZen” (usually considered to be —18° C.) to a 
“softer” froZen temperature of about —4° C. A particular 
example of this is the tempering of blocks of meat products 
to alloW mechanical operations, such as slicing to produce 
evenly thin slices of meats for use in ethnic food preparation. 
This process usually highlights all of the inadequacies of 
conventional microWave heating, as the localised melting 
mentioned above proves disastrous in such a case. Once 
thaWed or tempered, the food product may also then require 
raising in temperature to a serving condition, possibly also 
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2 
With the addition of extra heating by a conventional means 
for cosmetic “broWning” purposes, Without further interven 
tion from the operator of the microWave apparatus. 

These problems are alleviated by ovens described in the 
applicant’s earlier British Patent Application No. 99153686, 
?led Jul. 2, 1999, Which describes the use of separate 
internal and external antennae for irradiating food both 
internally and externally. 

British Patent No. 1,470,408 describes a microWave oven 
in Which food is heated internally by a rod Which passes 
through the food, and externally by a plate member, both of 
Which are connected to a single magnetron. HoWever, this 
may result in the food cooking too quickly from the inside 
relative to the outside, or vice versa, particularly When 
different siZes, shapes and types of food are cooked in the 
oven. 

It should be understood that “food” in the present speci 
?cation includes any type of food or drink. Furthermore, 
“antenna” in this speci?cation includes any article or part of 
an article from Which radiation is emitted, and includes for 
example part of a magnetron from Which microWave radia 
tion is emitted. 

SUMMARY OF THE INVENTION 

According to the invention there is provided a microWave 
heating apparatus and assembly, and a method of heating 
food, as set out in the accompanying claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Some preferred embodiments of the invention Will noW be 
described, by Way of example only, With reference to the 
accompanying drawings, in Which: 

FIG. 1 shoWs a conventional microWave oven, and illus 
trates the effect of heating a froZen product in such an oven; 

FIG. 2 shoWs a container used in a knoWn method of 
attempting to overcome the problem of thaWing at the edge 
of a product; 

FIG. 3 shoWs a microWave heating apparatus in accor 
dance With an embodiment of the present invention; 

FIG. 4 shoWs four stages in a process for defrosting a 
froZen article according to a preferred embodiment of the 
present invention; 

FIG. 5 shoWs a second embodiment of a microWave 
heating apparatus in accordance Wit h the invention; 

FIG. 6 shoWs a control panel for controlling the embodi 
ment of FIG. 3, or FIG. 5; and 

FIG. 7 shoWs a combination food product suitable for 
heating using the embodiment of FIG. 3, or FIG. 5. 

DETAILED DESCRIPTION 

FIG. 1 shoWs the usual method of heating a product 2 in 
a microWave oven 4. The product 2 is placed in the micro 
Wave oven 4 and the oven 4 sWitched on. The microWaves 

6 penetrate the outer surface 8 of the product 2, causing a 
localised increase in temperature. As the local temperature 
rises, the absorption of microWaves by the outer region of 
the product 2 increases, leading to a “runaWay” effect Where 
only the Warmer regions in the product 2 increase in tem 
perature. This leads to surface melting, While the inner parts 
10 of the product 2 remain substantially “deep froZen”. 

FIG. 2 shoWs a container 12 With a central holloW tube 14, 
Which thereby reduces the thickness of the product 16 
required to be heated. HoWever, because of the small diam 
eter of this tube 14, no appreciable amount of microWaves 
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can penetrate inside the tube, so the amount of heating from 
inside the tube is minimal. If the central tube is made larger, 
as mentioned above, products can become very bulky and 
inconvenient to store Whilst froZen. 

An embodiment of the present invention is shoWn in FIG. 
3. This comprises a magnetron 18, Which is coupled via a 
Waveguide 20 to a tuned antenna 22, a loWer part of Which 
is Within the Waveguide and acts as a pick-up for the 
microWave energy, and an upper part 26 of Which is Within 
a tempering cavity 28 and acts as a re-radiator of the 
microWave energy. In one embodiment this cavity 28 is of 
substantially cylindrical form, but it may be any convenient 
shape. The magnetron Will typically emit microWaves of 
frequency 2.45 GHZ. It should be appreciated that any 
suitable microWave source may be used instead of a 
magnetron, including a solid state microWave source. 

The product (not shoWn in FIG. 3) is placed into the cavity 
28 in a container 12 similar to that shoWn in FIG. 2, having 
a central holloW tube 14 extending upWards from its base 40. 
The tuned antenna 22 is arranged in such a Way that, When 
the product, in its container, is placed in the tempering 
chamber, the re-radiating section 26 of the antenna 22 
protrudes into the central holloW tube 14 of the product to be 
heated. The antenna 22 is located centrally in an opening in 
the Waveguide 20 by means of an insulating component 30 
made from a material Which has a loW dielectric constant at 
microWave frequencies, such as a ceramic, or PTFE, or 
polypropylene. An additional magnetron 32, Which is con 
ventional in its application, also supplies microWaves to the 
cavity 28, and is attached in the present embodiment to the 
cavity door 34, in order to heat the product from the outside. 
Magnetron 32 is provided With antenna 33. It is important to 
note that the magnetrons 18 and 32 are independently 
controllable, as Will be described beloW. 

FIG. 4 shoWs four stages (A, B, C and D) in the opera 
tional sequence of the embodiment shoWn in FIG. 3. At stage 
(A) the cavity 28 is empty. At stage (B) the froZen product 
16 in its container 12 is placed into the tempering cavity 28, 
and the cavity door 34 is closed. The antenna 22 protrudes 
into the central holloW tube 14 of the container. When the 
system is sWitched on, at stage (C), microWaves 36 and 38 
are emitted from the source 32 and antenna 22 respectively. 
This means that the product is irradiated by microWaves 
from inside the holloW tube 14 and from the outside at the 
same time. Although the surface Will still thaW, the surface 
area irradiated by microWaves is greatly increased compared 
to the example shoWn in FIG. 1, and the thickness of product 
betWeen the thaWed surfaces is greatly decreased. At stage 
(D) the product has been evenly defrosted. 

At this stage it Would be possible to apply additional 
microWave heating to the food product to increase the 
temperature to a suitable temperature for serving, i.e. soup 
or a similar product could therefore be taken from “Deep 
froZen” to serving temperature in one continuous operation. 
The apparatus described may be used in conjunction With 
conventional heating means, for example hot air or infrared 
heating, to meet a speci?c need such as raising the surface 
temperature to cause cosmetic broWning. 

FIG. 5 shoWs an alternative embodiment in Which the 
antenna 22 and antenna 33 are both supplied by magnetron 
18. The same reference numerals are used for parts Which 
correspond With FIG. 3. Antenna 33 is connected to 
Waveguide 20 by a coaxial cable 40. The magnetron 18 is 
positioned on Waveguide 20 betWeen tWo adjustable 
Waveguide shutters 42 and 44. Shutter 42 controls the supply 
of microWave energy to antenna 22, and shutter 44 controls 
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4 
the supply of microWave energy to antenna 33. The shutters 
42 and 44 can be controlled either manually, or electrically. 

US. Pat. Nos. 5,451,751, 4,449,026 and 3,697,894 
describe other means for determining the direction of the 
microWave energy. 

FIG. 6 shoWs a suitable control panel 46 for alloWing a 
user to independently control the tWo magnetrons 18 and 32 
shoWn in the embodiment of FIG. 3. The control panel 46 is 
provided With a keypad 48, a visual display 50, and separate 
“INNER” and “OUTER” buttons 52 and 54 for alloWing 
independent control of magnetrons 18 and 32 respectively. 
The user can thus control the rates at Which the food is 
heated both internally and externally, and the microWave 
oven may also be provided With suitable preset programmes 
providing different levels of internal and external heating for 
different types, siZes and shapes of food. The control panel 
46 is also suitable for controlling the embodiment of FIG. 5. 
In this case, the INNER button 52 controls shutter 42, and 
the OUTER button 52 controls shutter 44. 

FIG. 7 shoWs an example of a combination food product 
60 comprising a layered construction of tWo food types With 
different dielectric properties. The example shoWn in FIG. 7 
is that of a ?lled bread roll comprising a meat inner layer 62 
and a bread outer layer 64. In this case, more microWave 
energy is required to be supplied from inside the product 
than from the outside. HoWever, it should be appreciated that 
even in the case of a homogeneous food product it may be 
necessary to vary the relative poWer levels of the internal 
and external sources in order to ensure an even temperature 
distribution throughout the food product. 

It Will be appreciated that there are other possibilities for 
Working the invention. For example, the antenna need not be 
coupled to the microWave source via a Waveguide; micro 
Waves could be supplied via a coaxial cable. The preferred 
embodiment shoWs the antenna 22 permanently attached to 
the cavity, but it may be removable therefrom. 

It Will also be appreciated that the invention is suitable for 
use With many different shapes of container. For example, 
the cylindrical container 12 shoWn in FIG. 2 may be 
replaced by a frustroconical container. 
What is claimed is: 
1. A microWave heating apparatus comprising: 
a cavity for heating food; 
a ?rst antenna, Which projects into the cavity and is 

arranged to pass into or through said food, in use, in 
order to irradiate said food internally; 

a second antenna arranged to supply microWave radiation 
into said cavity in order to irradiate said food exter 
nally; 

at least one microWave source for supplying microWave 
energy to the ?rst and second antennae; and 

control means for alloWing a user to independently con 
trol the levels of microWave energy irradiated by the 
?rst and second antennae. 

2. A microWave heating apparatus as claimed in claim 1, 
Wherein ?rst and second microWave sources are provided for 
supplying microWave energy to the ?rst and second anten 
nae respectively, and Wherein said control means alloWs 
independent control of the ?rst and second microWave 
sources. 

3. A microWave heating apparatus as claimed in claim 1, 
Wherein a microWave source supplies microWave energy to 
both the ?rst and second antennae, and Wherein said control 
means controls hoW the energy from the microWave source 
is split betWeen the ?rst and second antennae. 
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4. A microwave heating apparatus as claimed in claim 1, 
wherein said control means comprises tWo Waveguide shut 
ters. 

5. A microWave heating apparatus as claimed in claim 1, 
Wherein the ?rst antenna also projects outside of the cavity. 

6. A microWave heating apparatus as claimed in claim 1, 
Wherein microWave energy is supplied to the ?rst antenna at 
a location outside of the cavity. 

7. A microWave heating apparatus as claimed in claim 1, 
further comprising a non-microWave heating means for 
heating said food Within the cavity. 

8. A microWave heating apparatus as claimed in claim 7, 
Wherein the non-microWave heating means includes the use 
of hot air. 

9. A microWave heating apparatus as claimed in claim 7, 
Wherein the non-microWave heating means includes the use 
of infra-red heating. 

10. A microWave heating apparatus as claimed in any 
claim 1, Wherein said control means alloWs the energy 
emitted by the ?rst and second antennae to be adjusted over 
a range of values. 

11. A microWave heating assembly comprising a micro 
Wave heating apparatus as claimed in claim 1, and a con 
tainer having an aperture arranged to receive the ?rst 
antenna. 

12. A microWave heating apparatus comprising: 
a cavity for heating food; 
a ?rst antenna, Which projects into the cavity and is 

arranged to pass into or through said food, in use, in 
order to irradiate said food internally; 
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6 
a second antenna arranged to supply microWave radiation 

into said cavity in order to irradiate said food exter 
nally; 

at least one microWave source for supplying microWave 

energy to the ?rst and second antennae; and 

a controller for alloWing a user to independently controls 
the levels of energy irradiated by the ?rst and second 
antennae. 

13. A method for heating food comprising: 

providing a microWave heating apparatus including a 
cavity for heating food, a ?rst antenna, Which projects 
into the cavity and is arranged to pass into or through 
said food, in use, in order to irradiate said food 
internally, a second antenna arranged to supply micro 
Wave radiation into said cavity in order to irradiate said 
food externally, at least one microWave source for 

supplying microWave energy to the ?rst and second 
antennae, and a controller for alloWing a user to inde 

pendently controls the levels of energy irradiated by the 
?rst and second antennae; 

placing food Within said cavity so that the ?rst antenna 
passes into or through the food; and 

irradiating the food internally using the ?rst antenna and 
externally using the second antenna. 


